ABSTRACT Holymenia clavigera Herbst and Anisoscelis foliacea marginella Dallas (Hemiptera: Coreidae: Anisoscelini) use the same host plants (Passißoraceae), especially Passilfora suberosa L., and they have a very similar egg and nymphal morphology. This study compares the mouthparts of these coreids both intra-and interspeciÞcally through scanning electron microscopy. Also, it determines the feeding sites for the Þfth instars and for adults when offered some of their preferred structures (green fruit and mature leaves) of P. suberosa. Histological sections were performed on feeding sites, on plant pieces having the penetrated stylet in situ. Mouthpart morphologies were extremely similar between H. clavigera and A. foliacea marginella throughout ontogeny. The stylets reached the xylem, in almost all situations, followed by a low use of phloem. Nymphs and adults of both species consumed several fruit parts, including the seeds. When feeding upon the latter, endosperm and embryo were used for feeding. Feeding frequencies indicated that seeds are the main resource used by these coreids and that xylem feeding is probably related to water acquisition. Thus, H. clavigera and A. foliacea marginella are also extremely similar concerning use of host plant feeding sites and mouthpart morphology.
Phytophagous sucking insects explore a variety of plant resources. Cercopids, and many cicadellids, are xylem feeders (Wiegert 1964 , Cheung and Marshall 1973 , White and Strehl 1978 , Crews et al. 1998 , Leopold et al. 2003 , whereas membracids feed in the parenchyma close to epidermis (Bernays and Chapman 1994) . Aphids, in general, like the majority of homopterans, use phloem (Pollard 1973 , Risebrow and Dixon 1987 , Bing et al. 1991 , Press and Whittaker 1993 ; but see Powell and Hardie 2002) . In general, studies focusing on plant tissues used by hemipterans are concerned with species of economic importance (Kingsolver and Daniel 1995) , and among heteropterans, seed suckers are the best studied (Slansky and Panizzi 1987) .
Studies with large heteropterans show the use of xylem, phloem, and parenchyma, leading to the destruction of the vascular tissues and system. Many mirids are considered phloem feeders (Wheeler 2001) , and some large plant bugs destroy plant cells and remove the parenchyma when feeding. In this case, the saliva also acts in tissue destruction (Ribeiro 1995, Cohen and Wheeler 1998) . Oncopeltus fasciatus (Dallas), a large lygaeid, feeds in phloem cells (Miles 1972) . The long stylets of the Aradidae once were considered an adaptation for feeding on fungi under tree bark (Weber 1930, Schuh and Slater 1995) . However, recent studies show that an Aradus species feeds in both xylem and phloem (Heliö vaara 2000) . Coreids also feed in the vascular system (Schuh and Slater 1995) , and most of them use the phloem. For example, coreids associated with ants probably obtain the honeydew by sucking phloem (Maschwitz et al. 1987) , and Anasa tristis DeGeer Þrst instars use phloem more often than xylem (Bonjour et al. 1991 , Neal 1993 .
Phytophagous hemipterans have been placed into different feeding categories: stylet sheath (Miles 1972 , Pollard 1973 , lacerate-ßush, macerate-ßush, and osmotic pump feeding (Miles and Taylor 1994, Hori 2000) . The latter has been described for coreids, and it allows for the use of phloem and parenchyma . Moreover, a behavior that consists of a "back and forth" stylet movement in a straight puncture also has been described for this group (Schuh and Slater 1995) . To date the literature indicates that large hemipterans suck low-nutrient ßuids at high rates, from plant vessels under negative pressure (Mattson 1980 , Press and Whittaker 1993 , Novotny and Wilson 1997 .
The large Neotropical coreids Holymenia clavigera Herbst and Anisoscelis foliacea marginella Dallas (Anisoscelini) feed on both reproductive and vegetative structures of their host plants (Passißoraceae) (Schaefer and Mitchell 1983) , showing a mixed feeding behavior (Rodrigues et al. 2007) . Although all plant parts seem to be essential for their nutrition, they show a preference for green fruits, followed by terminal buds and leaves (Rodrigues 2003) . To address the reasons behind this preference, and considering that such knowledge is scant and ambiguous for heteropterans, we determined the feeding sites for both species in relation to the most used vegetative and reproductive structures of Passiflora suberosa L., one of their preferred host plants in southern Brazil. h). They were fed ad libitum with P. suberosa shoots, bearing both vegetative and reproductive structures, and also were offered petri dishes containing moistened cotton. Shoots came from a cultivated plot at the Departamento de Zoologia, UFRGS. They were placed in plastic bottles supported by a 50-cm-high wooden frame (maximum three shoots per bottle), and they were replaced when wilted. Cages were checked daily for eggs, which were collected and placed on petri dishes lined with moist Þlter paper. After hatching, Þrst instars were placed in additional cages, where they were reared according to the same protocol.
Materials and Methods

Insects and
Fifth instars and adults from both species (n ϭ 11 per life phase per species) were placed individually in clear plastic containers (8.5 by 8.5 by 8.5 cm) covered with a mesh cloth. Then, P. suberosa mature leaves or green fruits, with either the petiole or the peduncle inserted into vials with tap water (3 by 5 cm), were offered for feeding. Such plant structures were chosen because they are preferentially used for feeding (Rodrigues 2003) . When feeding activity was observed, insects had their mouthparts in situ quickly cut off by using microsurgery scissors. As a consequence, the stylet distal parts remained attached to the plant site used for feeding. Additionally, the location on the leaf surface where feeding took place was recorded.
Mouthpart Description. Mouthparts of nymphs and adults that were previously Þxed with DietrichÕs ßuid (n ϭ 3 per instar per species) were observed via scanning electron microscopy. They were critical point dried (Bal-Tec CPD030, Bal-Tec, Fü rstentum, Liechtenstein) and attached with double Scotch stick tape to aluminum stubs. Then, they were gold coated (Bal-Tec SCD050), examined, and photographed in a JEOL 5800 scanning electron microscopy (JEOL, Tokyo, Japan). In addition, 20 H. clavigera and A. foliacea marginella adults had their rostrum measured through a stereomicroscope equipped with a Wild micrometric scale (Leica, Wetzlar, Germany). Means were compared through StudentÕs t-test (␣ ϭ 0.05) (Sokal and Rohlf 1995) by using STATISTICA software (Statsoft 1997) . Data are presented as mean Ϯ SE.
Histology. Plant pieces bearing either H. clavigera or A. foliacea marginella stylets were Þxed with FAA50 (Johansen 1940) . They were then dehydrated in ethanolic series and embedded in hydroxiethylmetacrylate (Leica). Sections 10 m in thickness were obtained with an RM 2145 rotary microtome (Leica), and stained with 0.05% toluidine blue in 0.1 M acetate, pH 4.4 (Feder and OÕBrien 1968) .
Fruits were sectioned manually using a razor blade (Gillette) under a Wild stereomicroscope. Because the aril (ϭpulp) was not observed in all fruit, and because it is considered the third seed integument, aril use was grouped with seed use in the corresponding feeding frequency tables. Seeds with attached mouthparts were dehydrated in a butanol series and embedded in Paraplast (Johansen 1940) . They were then sectioned (from 7 to 12 m) with a rotary microtome (Leica) and stained with 0.5% astra blue-safranine (after Bukatsch 1972) .
All slides were mounted using Entellan. Observations were performed and photomicrographs were taken under Olympus BHS-BH-2 (Olympus, Tokyo, Japan) and Zeiss MC 80 DX (Carl Zeiss, Jena, Germany) microscopic systems.
Results
H. clavigera and A. foliacea marginella Mouthpart
Morphology. There was no detectable morphological difference between species throughout ontogeny. First instars of both species showed mouthparts with similar size and shape ( Fig. 1A and D) . The same pattern was found in the subsequent instars, and in the adults. Adult rostrum length was signiÞcantly different between species (t ϭ 8.349; P Ͻ 0.0001; 11.147 Ϯ 0.195 for H. clavigera and 8.972 Ϯ 0.1726 for A. foliacea marginella). The rostrum is formed by a three-segmented labium that surrounds the mandibles and maxillae. Its basal segment is covered by the labrum. The pointed, serrated mandibles allow perforation and attachment to the feeding substrate ( Fig. 1C and F) . The maxillae (internal pair) become distally very thin, which allows tissue penetration ( Fig. 1B and E) . Their median margins are imbricate and concave, forming the two internal canals (food and salivary) that are typically found in hemipterans (Cobben 1978 , Chapman 1998 .
Feeding Sites: Mature Leaves. Except for one A. foliacea marginella adult that penetrated the secondary nervure, all other individuals used the midrib as a feeding substrate. Although the adaxial surface was used for feeding more often by H. clavigera, the abaxial surface was used mainly by A. foliacea marginella (Table 1) .
Almost all of the leaf material processed (79.5%) clearly indicated feeding. Two H. clavigera nymphs reached protoxylem parenchyma cells, and seven, the tracheary elements (Table 2 ; Fig. 2A ). Among A. foliacea marginella nymphs, one had its stylet attached to the protoxylem parenchyma cells, whereas six reached the tracheary elements; one reached the sieve elements (Table 2) .
Two H. clavigera adults penetrated the protoxylem parenchyma cells, six the tracheary elements, and one the sieve elements (Table 2 ; Fig. 2B ). For A. foliacea marginella adults, eight penetrated the xylem, and one penetrated the phloem (Table 2) .
Feeding Sites: Green Fruits. Six last instars of H. clavigera fed in the pericarp. Two used the aril, and three used the seeds (Table 2 ; Fig. 2D and E) . Seven A. foliacea marginella nymphs fed in the pericarp, whereas four fed in the seeds (Table 2) .
Four H. clavigera adults fed in the pericarp; four used aril, and three used the seeds (Table 2 ; Fig. 2C ). Seven A. foliacea marginella adults fed in the pericarp; three fed in the aril, and one fed in the seeds (Table  2 ). In general, endosperm and embryo were the seed tissues used for feeding ( Fig. 2F and G) .
Discussion
H. clavigera and A. foliacea marginella have mandibles and maxillae with a very similar ultrastructure both intra-and interspeciÞcally; in addition, morphology is conserved during their ontogeny. Gross morphology of the rostrum corresponds to that described by Snodgrass (1935) . The presence of a functional stylet since the Þrst instar corroborates the atypical feeding activity already reported for that instar (Rodrigues 2003, Rodrigues et al. 2007 ). Adults of H. clavigera have a larger rostrum than A. foliacea marginella, corroborating the difference in size found for their immature stages in general .
The distal part of each mandible has teeth that lacerate the feeding substrate and allow stylet attachment, and stationary feeding. Such a feeding strategy was reported for Pentatomomorpha, particularly for seed-sucking insects (Backus 1988) . However, our observations on feeding agree with the method described in Schuh and Slater (1995) , in which stylets move back and forth continuously from a given perforation point. It seems then that these strategies are
Fig. 1. Ventral view of rostrum (arrows) of (A) H. clavigera and (D)
A. foliacea marginella Þrst instars, and the corresponding stylet (B and E for H. clavigera and A. foliacea marginella, respectively) and mandible details (C and F for H. clavigera and A. foliacea marginella, respectively) under scanning electron microscopy. Scale bars ϭ 500, 50, 10, 500, 10, and 10 m, respectively. Taylor and Miles 1994) , saliva use and function during feeding needs further investigation in this system. Contrary to the pattern so far described for coreids, H. clavigera and A. foliacea marginella feed in the xylem elements. They probably use vegetative tissues to obtain water and minerals, because xylem components are of low nutritional value. Use of xylem is related to water acquisition (Wiegert 1964) . In nutritional terms, green fruits are the main feeding resource. The substantial use of seeds may explain how these coreids obtain nutritionally important compounds such as proteins, starch, and oils, even when there is a variation in concentration among seed species, seed age, or environment (Slansky and Panizzi 1987) .
Seed-sucking insects commonly have morphological and physiological adaptations for exploiting seeds as a resource, and they are tissue and plant specialists, in general (Bernays and Chapman 1994) . However, seed sucking has been recorded for both oligophagous and polyphagous species (Slansky and Panizzi 1987) . Most seed-sucking insects are able to use alternative resources when seeds are not available. And, even when such a resource is abundant, they use alternative feeding sites to obtain water (Slansky and Panizzi 1987) . Such a pattern corresponds to what is described here for H. clavigera and A. foliacea marginella, because they alternate feeding between vegetative and reproductive parts of their hosts.
To our knowledge, no passion vine species have been studied regarding the chemical constitution of pericarp and seeds, which limits an analysis in nutritional terms. Pericarp of P. suberosa is probably nutritive to their hosts, because H. clavigera and A. foliacea marginella use this feeding resource intensively. Epicarp use and lesioning of Pistacia vera L. have been recorded for Leptoglossus clypealis (Heidemann) (Bolkan et al. 1984) . Fruits of cultivated passion vines such as Passiflora edulis Sims and Passiflora alata Dryander have a diameter varying, on average, from 5 to 6 cm (Sacco 1980) , which limits seed use by these coreids due to stylet length (see magnitudes in . As a consequence, pericarp use is more intense in these passion vines. In contrast, the diameter of P. suberosa fruits ranges from 0.6 to 1.5 cm (Acioli 1999) , which makes use of seeds possible for all Holymenia and Anisoscelis instars.
H. clavigera and A. foliacea marginella stylets are wider in diameter than xylem and phloem cells, which lead to tissue laceration until a given resource is reached. Stylet laceration releases compounds from the parenchyma and xylem when these coreids use the adaxial surface, as well as from phloem cells when abaxial surface is chosen for feeding. Thus, they may indirectly ingest compounds assimilated in the parenchyma cells and in the phloem. Moreover, when feeding they may release chemical compounds stored in the cell walls (Bernays and Chapman 1994) . Typically, xylem and phloem suckers avoid vacuoles and regions that may have secondary metabolite compounds, leading to a stylet penetration between cell walls. When herbivory occurs, such a mechanism also avoids contact with secondary compounds that plants produce or release in this situation (Bernays and Chapman 1994) . However, this is not the case for H. clavigera and A. foliacea marginella. The more pronounced use of the adaxial surface by H. clavigera, contrary to the pattern observed for A. foliacea marginella, may be a consequence of niche differentiation. Currently, P. suberosa is very abundant in the Þeld (Rodrigues 2003) , and it supports not only H. clavigera and A. foliacea marginella populations but also other herbivores as larvae of several lepidopteran species. However, this passion vine may have been a limited resource in the past.
The Þnding of xylem feeding by H. clavigera and A. foliacea marginella corroborates other studies concerning the correspondence between insect size and use of a given vascular tissue (Raven 1983, Novotny and Wilson 1997) , although there is no consensus among animal and plant physiologists about the necessary pressures for xylem sucking (Milburn 1996 , Crews et al. 1998 . Size evolution in hemipterans is related to characteristics such as mobility, longevity, host range, inherent differences in dietary requirements, and stylet morphology, among others (e.g., Eubanks et al. 2003) . Inferences about xylem use and longevity, for example, were made for Cicadellidae (Slansky 1980) . Moreover, to have a feeding apparatus and a cibarial pump able to obtain water and minerals in a compensatory rate, xylem-feeding insects must measure at least 0.8 cm length (Novotny and Wilson 1997) , because xylem ßuid has a low nutritive value and is under negative tension. The opposite pattern would occur in the phloem (Raven 1983) , although the volumes to be ingested in both cases would be higher compared with blood or nectar suckers, which are more nutritive and viscous (Kingsolver and Daniel 1995) . Auchenorrhyncha and Sternorrhyncha that are phloem suckers have both small size and limited mobility, which makes phloem the only potential feeding resource (but see Sadof and Neal 1993) .
Considering the species studied here, xylem feeding indicates a nutritional need for water and minerals per se, because these coreids have a high mobility and explore several parts of their hosts. The other nutrients are probably extracted from the seeds, and this may explain why H. clavigera and A. foliacea marginella have superior performances when they feed on noncultivated passion vines as P. suberosa (Rodrigues et al. 2007 ). Finally, from the second instar on, both species show feeding preference for green fruits, compared with all plant parts (Rodrigues 2003) . Seeds may be physically (e.g., hardness) or chemically unsuitable for Þrst instars. For Nezara viridula L., seed toughness mediates against use (Slansky and Panizzi 1987) . Variation in seed depth and stylet size may be important factors for the induction of new races in hemipterans (Carroll and Boyd 1992) .
Seed-sucking insects mainly use endosperm and embryo while feeding (Slansky and Panizzi 1987) . Because young seeds were consumed more than the mature ones, further studies should consider whether seeds are selected for feeding due to features such as age or species (see seed characteristics in Koslowski and Gunn 1972) . Feeding sites of early instars also should be investigated, inasmuch as a differential tissue use following the ontogeny has been recorded for some hemipterans (e.g., Walker 1985) .
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